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© Travelling-wave motor. 

© A travelling-wave motor comprising support 
means (1) which supports a vibrating body (3); a 
piezo-electric vibrator (4) which is secured to the 
vibrating body (3) and which is adapted to generate 
travelling waves in the latter; a movable body (5) 
which is driven by the vibrating body (3) and which 



is in pressure contact with the vibrating body (3): 
and pressure regulating means (6-8) for adjusting 
the contact pressure between the movable body (5) 
and the vibrating body (3) characterised in that the 
support means (1) is part of a fixed structure (2) and 
is fixed to, or is integral with, the vibrating body (3). 
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© Travelling-wave motor. 



© A travelling-wave motor comprising support 
means (1) which supports a vibrating body (3); a 
piezo-electric vibrator (4) which is secured to the 
vibrating body (3) and which is adapted to generate 
travelling waves in the latter: a movable body (5) 
which is driven by the vibrating body (3) and which 
is in pressure contact with the vibrating body (3): 
and pressure regulating means (6-8) for adjusting 
the contact pressure between the movable body (5) 
and the vibrating body (3) characterised in that the 
support means (1 ) is part of a fixed structure (2) and 
is fixed to. or is integral with, the vibrating body (3). 
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'TRAVELLING-WAVE MOTOR" 



This invention relates to a travelling wave mo- 
tor, e.g. a compact ultrasonic motor using ultra- 
sonic oscillation and having a electromechanical 
transducer for generating a travelling-wave and a 
movable member driven by the travelling wave. 5 

One known ultrasonic motor is a standing-wave 
type motor which employs a Langevin oscillator as 
a driving source. Such a motor is disclosed in US- 
A-4,019.073. Another known ultrasonic motor is a 
travelling-wave type motor employing a travelling w 
wave generated on a stator for driving a rotor 
provided on the stator. The travelling-wave motor 
generates smaller wear in the friction-transmission 
surface between the stator and the rotor, and can 
more easily be driven in the reverse rotation direc- is 
tion by comparison with the standing-wave type 
motor. Such a travelling-wave motor is disclosed in 
US-A-4,513,219 (Katsuma et al), US-A-4,562,374 
(Sashida) and EP-A-1 69,297 (Tokushima). 

Katsuma et al. and Sashida disclose a so 
travelling-wave motor employing a Ling type piezo- 
electric member. This type of travelling-wave motor 
essentially consists of an annular vibrating body 
and a movable body provided thereon. The vibrat- 
ing body has an annular piezo-electric vibrator 25 
thereon. The vibrating body is fixed to a base 
through a supporting mechanism. On the annular 
piezo-electric vibrator, a gap having a length of half 
of the arc of an electrode is provided between two 
electrode groups. The travelling wave is brought ao 
about by applying an AC signal having a phase 
difference of 90 ' to the two groups. 

Another type of travelling-wave motor employ- 
ing a disk-shaped piezo-electric member is dis- 
closed in the European Patent of Tokushima. In 35 
such a motor, a stator is constituted by a disk- 
shaped resilient vibrating body having a toothlike 
circular projection. The vibrating body has a disk- 
shaped piezo-electric vibrator thereon. A movable 
body is provided on the projection of the vibrating 40 
body and has a central shaft to act as a rotational 
guide. A pressure-regulating device is provided on 
the central shaft for effecting a suitable contact 
pressure between the vibrating body and the mov- 
able body so that the travelling wave component 45 
can be efficiently transmitted to the movable body. 
The vibrating body is supported and fixed on two 
circular projections formed on a base. The disk- 
shaped pie20-eiectric vibrator consists of a plurality 
of electrodes arranged in such a manner that the so 
piezo-electric vibrator slips by a half pitch of the 
arc length, the pie2o-electric vibrator having an 
even number of electrodes in the circumferential 
direction so that each electrode has the same arc: 
length. 



In a travelling-wave motor of the type de- 
scribed above, if its construction includes an an- 
nular vibrating body, the travelling wave is signifi- 
cantly damped to a certain degree due to the 
supporting structure provided since the flexure 
mode travelling wave which has been excited by 
the piezo-electric vibrator has no nodal point of 
oscillation. As a result of this, the electro mechani- 
cal transducing efficiency is low. If the construction 
of the travelling-wave motor includes a disc-type of 
vibrating body, there is the advantage that the 
vibrating body can be fixed and supported by the 
base at two places in the radial direction of the 
base because the vibrating body is excited in a 
secondary oscillation mode in the radial direction of 
the vibrating body. 

However, the poor efficiency referred to above 
occurs due to variation in the position of the nodal 
points and the magnitude of the supporting force. 
As the diameter and the thickness are decreased, 
the problem inevitably increases. Furthermore, 
since the disk type motor employs a movable body 
which is integrally formed with the central shafts, 
the shafts must be supported by means of a bear- 
ing member provided in the movable body. If the 
Ling type motor employs such a movable body, a 
bearing member is required to be provided in the 
base. Furthermore, since the construction of a 
piezo-electric vibrator of the type described must 
be such that the neighbouring electrodes are po- 
larized in different directions with respect to each 
other, it is necessary to provide a proper gap 
between the electrodes for the purpose of prevent- 
ing leaks or cracks and so on due to concentration 
of stress generated during polarization in a high 
electric field. Therefore, gaps of a proper width 
between neighbouring electrodes are provided. In 
general, a suitable width for such a gap is consid- 
ered to be substantially twice the thickness of the 
piezo-electric oscillator. These gaps, however, give 
rise to the fact that the phases of the travelling 
waves and the amplitude of the travelling waves 
deteriorate. Furthermore, since these gaps are un- 
saturated portions left from polarization of the 
neighbouring electrodes conducted in the different 
directions, a non-uniform wavelength of each travel- 
ling wave occurs. Furthermore, when it is desired 
to provide a device with a small diameter or a 
device having low electricity consumption, this is 
not possible if most of the circumferential portion is 
occupied by input electrodes. 

According to the present invention, there is 
provided a travelling-wave motor comprising sup- 
port means which supports a vibrating body; 
a piezo-electric vibrator which is secured to the 
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vibrating body and which is adapted to generate 
travelling waves in the latter; a movable body which 
is driven by the vibrating body and which is in 
pressure contact with the vibrating body; 
and pressure regulating means for adjusting the 
contact pressure between the movable body and 
the vibrating body characterised in that the support 
means is part of a fixed structure and is fixed to, or 
is integral with, the vibrating body. 

Preferably, the piezo-electric vibrator is fixed to 
one side only of the vibrating body. 

The pressure regulating means may engage 
the movable body. 

The outer diameter of the piezo-electric vibra- 
tor may be less than that of the vibrating body. 

Preferably, the vibrating body and the piezo- 
electric vibrator are arranged to be excited in a 
primary oscillation mode with respect to the radial 
direction. 

The support means is preferably constituted by 
a support shaft which acts as a centre of rotation of 
the movable body. 

The pressure regulating means is preferably 
fixed to the shaft. 

Preferably, the piezo-electric vibrator is pro- 
vided with a plurality of similar equi-angularly 
spaced apart electrodes. 

Preferably the circumferential gap between 
neighbouring electrodes at their radially outermost 
portions is V2 or 3/2 times the length of the arc of 
an electrode. 

Preferably, the movable body or the vibrating 
body has an annular projection which contacts the 
other body. 

The annular projection may be provided at the 
periphery of its respective body. 

A travelling wave-motor in accordance with the 
present invention may be thin and may have a 
small diameter. It may also be such that there is no 
deterioration in the component of the travelling 
wave due to the support means for the vibrating 
body. It may also be such that the contact pressure 
between the movable body and the vibrating body 
may be easily adjusted, while the travelling- wave 
motor may have a low electricity consumption and 
there may be no slip in the phases of the travelling 
wave generated therein. It may also be such that 
there is no deterioration in the strength of the 
travelling wave component due to deterioration in 
the amplitude of the standing wave component 
excited in each of the electrodes. 

As indicated above, the vibrating body may be 
supported by and integrally formed with a support 
shaft. As a result of this, even though the vibrating 
body may be thin and may have a small diameter, 
it can be stably and easily supported in such a way 
as to substantially prevent occurrence of any 
damping of the travelling wave. 



A full understanding of the present invention 
will be obtained from the detailed description of the 
preferred embodiments presented hereinbelow, 
and the accompanying drawings, which are given 
5 by way of illustration only and are not intended to 
be limitative of the present invention, and wherein: 

Figure 1 is a vertical cross-sectional view of 
a first embodiment of a travelling-wave motor ac- 
cording to the present invention; 
70 Figure 2 is a vertical cross-sectional view of 

a second embodiment of a travelling wave motor 
according to the present invention; 

Figures 3(a) and 3(b) illustrate the operation 
of a vibrating body of the travelling-wave motor 
75 according to the present invention, the operation 
being in the radial direction; 

Figure 4 illustrates the relationship between 
the shape of the vibrating body and the mechanical 
resonant frequency; 
20 Figure 5 is a plan view of a piezo-electric 

vibrator which may be used in a travelling- wave 
motor according to the present invention, and 

Figure 6 is a plan view of another piezo- 
electric vibrator which may be used in a travelling- 
2S wave motor according to the present invention. 

Figure 1 is a vertical cross-sectional view of a 
first embodiment of a travelling-wave motor accord- 
ing to the present invention. As shown in Figure 1, 
a central support shaft 1 is integrally formed with a 
30 base 2 which constitutes fixed structure for fixing 
the travelling wave motor in position. A vibrating 
body 3 is integrally formed with the central support 
shaft 1 at the central portion of the vibrating body 
3. In this case, the vibrating body 3 is made of a 
35 resilient material such as stainless steel, brass or 
duralumin, and is substantially supported by the 
central support shaft 1 at the central portion of the 
vibrating body 3. 

A piezo-electric vibrator 4 is secured to one 
40 side of the vibrating body 3 and is adapted to 
generate travelling waves in the latter . The piezo- 
electric vibrator 4 is formed by one or more piezo- 
electric ceramic plates each of which has a central 
aperture or by several piezo-electric ceramic plates 
45 which are angularly spaced apart in the circum- 
ferential direction. Several patterned electrodes are 
provided on the plate or plates in the circumferen- 
tial direction, and the piezo-electric vibrator 4 is 
polarized. 

so A movable body 5, which is driven by the 
vibrating body 3,has in the central portion thereof a 
guide hole 5a through which the central support 
shaft 1 extends so that the movable body 5 can 
rotate using the central support shaft 1 as a rota- 

55 tional centre. The movable body 5 has at its pe- 
riphery an annular projection 5b which contacts the 
vibrating body 3, although the reverse arrangement 
is also possible. The movable body 5 is arranged 
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to be pressurized and brought into contact with the 
vibrating body 3 by means of a pressure regulating 
device which is formed by a spring member 6, 
washers 7 and a stopper 8 and which is mounted 
on the movable member 5. The thus-described 
pressure regulating device controls the contact 
pressure between the vibrating body 3 and the 
movable body 5 so that it can most efficiently 
conduct the travelling wave component to the mov- 
able body 5 for the purpose of converting the 
travelling wave component to rotational motion, the 
travelling wave component being generated in the 
vibrating body 3 and the piezo-electric vibrator 4. 
Furthermore, the pressure-regulating device is pro- 
vided on the central support shaft 1, allowing a 
slight adjustment to be easily effected of the con- 
tact pressure of the movable body 5 against the 
vibrating body 3 when the movable body 5 is 
pressurized and brought into contact with the 
vibrating body 3. Consequently, the movable body 
5 can be rotated at the most suitable contact 
pressure. 

The pressure regulating device is capable of 
regulating the contact pressure by way of changing 
the spring member 6 such as a leaf spring or cross 
spring or by an increase or decrease in the number 
of the washers 7. However, as an alternative to the 
stopper 8 using a C-ring or E-ring, a double-nut 
can be used for regulating the pressure. 

The movable body 5 is so formed that it is 
brought into contact only with the outer surface of 
the vibrating body 3. Therefore, even if the vibrat- 
ing body 3 is formed by thin flat resilient material, 
the travelling wave component excited by the 
vibrating body 3 can be uniformly conducted to the 
movable body 5. Thanks to the provision of the 
above-described structure, a thin and small-diam- 
eter vibrating body 3 and movable body 5 can be 
provided. Furthermore, in order to make the outer 
surface of the vibrating body 3 the maximum dis- 
placement portion in the radial direction, the excita- 
tion may be conducted at a driving frequency in 
which a resonance occurs in the primary vibration 
mode with respect to the radial direction. This fact 
helps to achieve a vibrating circuit and a driving 
circuit exhibiting a low electric current consumption 
due to the fact that low frequencies can be used. 

Figure 2 is a vertical cross-sectional view of a 
second embodiment of a travelling-wave motor ac- 
cording to the present invention. The vibrating 
body 3 is integrally supported by the central sup- 
port shaft 1 at the central portion of the vibrating 
body 3, the central support shaft 1 being formed 
integrally with the base 2. The surface of the vibrat- 
ing body 3 on which the piezo-electric vibrator 4 is 
disposed is made the upper side thereof so that 
the overall width is reduced. The outer diameter of 
the piezo-electric vibrator 4 is made smaller than 



that of the vibrating body 3 so that the total electro- 
static capacity of the peizo-electric vibrator 4 is 
reduced. As a result of this, a low electric current 
consumption device can be achieved. 
5 In general, as the thickness of the piezo-elec- 
tric vibrator 4 is decreased, the strength of of the 
electrical field is increased, so allowing the device 
to be driven at a low voltage. On the other hand, 
since the electrostatic capacity increases, the eiec- 
w trie current is increased. Therefore, such a de- 
crease in the diameter of the piezo-electric vibrator 
4 is desirable. 

In this embodiment, the pressure regulating 
device uses the power of the repulsion between 
75 two p?rmanent magnets. The construction is such 
that a magnet 10 provided on the movable body 5 
and another magnet 11 which is abutted by the 
stopper 8 repel each other so as to bring the 
movable body 5 into abutment with the vibrating 
20 body 3. A guide member 9 statically supports the 
vibrating body 3 and acts as a guide for rotation of 
the movable body 5. Washers 7 regulate the con- 
tact pressure. 

Figure 3 illustrates the operation of the vibrat- 
25 ing body 3, the operation being conducted in the 
radial direction. The piezo-electric vibrator 4 is se- 
cured to one side of the vibrating body 3 whose 
central portion is secured to and is supported by 
the central support shaft 1. As a result the vibrat- 
30 ing body 3 and the piezo-electric vibrator 4 are 
integrally operated in the primary vibration mode in 
which the outer surface is displaced to a maximum. 

Figure 3(a) shows the case in which the outer 
diameter of the vibrating body 3 and that of the 
35 piezo-electric vibrator 4 are the same, and in 
which, in operation, the vibrating body 3 is curved 
throughout its length as indicated by the dashed 
line. Thus the periphery of the vibrating body 3 
undergoes a maximum displacement of Xa. On the 
40 other hand, Figure 3(b) shows the case in which 
the diameter of the piezo-electric vibrator 4 is 
smaller than that of the vibrating body 3.ln the 
portion in which the piezo-electric vibrator 4 is 
joined to the vibrating body 3. the latter is in 
as operation curved, while in the outer portion, the 
vibrating body 3 acts in a straight line like as a so- 
called displacement expanding member. Thus in 
this case the periphery of the vibrating body 3 
undergoes a maximum displacement of Xb. The 
so maximum displacement Xa is larger than Xb. How- 
ever, the structure shown in Figure 3(b) has a 
displacement expansion member which is very ef- 
fective to realize a low electric current consumption 
device. 

55 Figure 4 illustrates the relationship between the 
shape of the vibrating body 3 and the mecnanical 
resonant frequency. As illustrated, the material of 
the vibrating body 3 is brass, and the relationship 
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is shown between the outer diameter of the vibrat- 
ing body to which the piezo-electric vibrator is 
joined and the mechanical resonant frequency in a 
case in which three waves are generated in the 
circumferential direction, the curves of Figure 4 
being made by changing the thickness of the 
vibrating body 3. As a result of securing and sup- 
porting the central portion of the vibrating body 3 
and reducing the diameter of the same, the me- 
chanical resonant frequency increases. Conse- 
quently, the vibration circuit and the drive circuit 
forming the travel ling -wave motor becomes loaded. 
Therefore, in order to achieve a low electric current 
consumption, the mechanical resonant frequency 
should be set at as low a level as possible but at at 
least 20kHz which is called an ultrasonic wave. In 
order to achieve this object, the vibrating body 3 
may be made thin. As described above, as the 
thickness of the piezo-electric vibrator 4 is de- 
creased, the electrical field is strengthened, en- 
abling a low voltage drive to be achieved. In order 
to effect vibration easily and to prevent cracks, the 
thickness of the vibrating body 3 is preferably in 
the range 0.10 to 0.20 mm. As can be clearly seen 
from this fact when the outer diameter of the 
vibrating body 3 is made 10 mm, it is considered 
to be preferable to set the overall width of the 
vibrating body to 0.3 to 0.6 mm. Therefore, the 
thickness of the resilient material forming the 
vibrating body 3 is preferably similar to or slightly 
thicker than that of the piezo-electric vibrator 4 so 
as to improve the efficiency of a travelling-wave 
motor having the structure described above. Fur- 
thermore, with regard to the flexure mode travelling 
wave generated in the circumferential direction of 
the vibrating body 3, as the number of similarly 
shaped excitation waves increases, the mechanical 
resonant frequency is increased. Therefore the 
number of waves is preferably 2 to 4 from the 
viewpoint of stably rotating the movable body 5. 

Figure 5 is a plan view of the piezo-electric 
vibrator 4. The piezo-electric vibrator 4 has in the 
central portion thereof a hole, and is provided with 
a plurality of similar, equi-angularly spaced apart, 
sector electrodes 12a to 12d on the surface there- 
of. Between the radially outermost portions of adja- 
cent electrodes there is a gap each of which has a 
length which is half (or. if desired, 3/2 times) the 
arc length of the electrodes. When high frequency 
voltages having different phases respectively are 
inputted to each electrode after polarization has 
been effected so that the polarities illustrated in 
Figure 5 are achieved, a travelling-wave component 
is excited. The spaces shown as + are the spaces 
which are polarized by applying a positive elec- 
trical field to the reverse electrodes, while the 
spaces shown as - are the spaces which are po- 
larized by applying a negative electrical field to the 



reverse electrodes. In this case, the reverse elec- 
trodes may be electrodes at the same position and 
of the same shape as those on the right side or 
may be entire-surface electrodes. In this embodi- 

5 ment, if sine waves are, for example, inputted to 
the electrodes 12a and 12c, travelling wave compo- 
nents having three waves in different travelling di- 
rections in the circumferential directions of the 
electrodes can be obtained by inputting high fre- 

70 quency voltages each of which has a phase dif- 
ference of ± 90* in the time period. According to 
the construction of the electrodes of the piezo- 
electric vibrator 4, the number of waves of the 
travelling-wave component to be excited becomes 

is an integral multiple of three. Because of the thus- 
excited travelling wave component, since the arc 
length of each electrode for inputting is equivalent 
to half the tength of the travelling wavelength there 
can be an improvement in the slipping of the 

20 phases of the travelling! waves and in deterioration 
in the strength of the travelling wave component 
due to the overlap of the waves, while the am- 
plitude of the standing wave component which is 
excited in each electrode can be improved. Fur- 

25 thermore, since a uniform gap is respectively pro- 
vided between the electrodes, a low electric current 
consumption device can be achieved. Therefore, 
the present invention can be used in electronic 
clocks and in drive motors for tape recorders in 

30 which a relatively high speed torque is required. 

Figure 6 illustrates a piezo-electric vibrator 4 
which is similar to that shown in Figure 5, but in 
which, in the gap portions between the electrodes 
12a to I2d formed on the piezo-electric vibrator 4, 

35 there are provided electrodes 13a to 13d which do 
not receive any input, in this case, the electrodes 
13a to 13d are in the main used to act for detection 
pu"posesrand can be used to follow the frequency 
of the travelling-wave motor or the speed change 

40 by using the levels of the back-voltage and the 
phases of the same as detection signals. 



Claims 

45 

1. A travelling-wave motor comprising support 
means (1) which supports a vibrating body (3); a 
piezo-electric vibrator (4) which is secured to the 
vibrating body (3) and which is adapted to generate 

so travelling waves in the latter; a movable body (5) 
which is driven by the vibrating body (3) and which 
is in pressure contact with the vibrating body (3); 
and pressure regulating means (6-8) for adjusting 
the contact pressure between the movable body (5) 

55 and the vibrating body (3) characterised in that the 
support means (1) is part of a fixed structure (2) 
and is fixed to, or is integral with, the vibrating 
body (3). 
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2. A travelling-wave motor as claimed in claim 
1 characterised in that the piezo-electric vibrator (4) 
is fixed to one side only of the vibrating body (3). 

3. A travelling-wave motor as claimed in claim 

1 or 2 characterised in that the pressure regulating 5 
means (6-8) engages the movable body (5). 

4. A travelling-wave motor as claimed in any 
preceding claim characterised in that the outer 
diameter of the piezo-electric vibrator (4) is less 
than that of the vibrating body (5). '0 

5. A travelling-wave motor as claimed in any 
preceding claim characterised in that the vibrating 
body (3) and the piezo-electric vibrator (4) are 
arranged to be excited in a primary oscillation 
mode with respect to the radial direction. ?5 

6. A travelling-wave motor as claimed in any 
preceding claim characterised in that the support 
means (1) is constituted by a support shaft which 
acts as a centre of rotation of the movable body 

(5). 20 

7. A travelling-wave motor as claimed in claim 
6 characterised in that the pressure regulating 
means (6-8) is fixed to the shaft (1). 

8. A travelling-wave motor as claimed in any 

. preceding claim characterised in that the piezo- zs 
electric vibrator (4) is provided with a plurality of 
similar, equi-angularly spaced apart electrodes 
(12a-12c). 

9. A travelling-wave motor as claimed in claim 

8 characterised in that the circumferential gap be- so 
tween neighbouring electrodes (12a-12c) at their 
radially outermost portions is 1/2 to 3/2 times the 
length of the arc of an electrode. 

10. A travelling-wave motor as claimed in any 
preceding claim characterised in that the movable as 
body (5) or the vibrating body (3) has an annular 
projection (5b) which contacts the other body. 

1 1 . A travelling-wave motor as claimed in claim 
10 characterised in that the annular projection (5b) 

is provided at the periphery of its respective body. 4a 

12. A travelling-wave motor utilizing flexible 
travelling waves generated in a stator for driving a 
rotor, said travelling motor comprising: 

a fixture body (2) for fixing said travelling 
motor, said fixture body (2) having a supporting 45 
means (1); 

a vibrating body (3) secured and supported in 
such a manner that said vibrating body (3) is 
integrated with said supporting means (1); 

a piezo-electric vibrator (4) secured to one so 
side of said vibrating body (3) for generating travel- 
ling waves in said vibrating body; 

a movable body (5) provided on said vibrating 
body (3); and 

a pressure-regulator (6-8) provided on said 55 
movable body for generating suitabte contact pres- 
sure between said movable body (5) and said 
vibrating body (3). 
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© Travelling-wave motor. 



© A travelling-wave motor comprising support 
means (1) which supports a vibrating body (3); a 
piezo-electric vibrator (4) which is secured to the 
vibrating body (3) and which is adapted to generate 
travelling waves in the latter; a movable body (5) 
which is driven by the vibrating body (3) and which 



is in pressure contact with the vibrating body (3); 
and pressure regulating means (6-8) for adjusting 
the contact pressure between the movable body (5) 
and the vibrating body (3) characterised in that the 
support means (1) is part of a fixed structure (2) and 
is fixed to, or is integral with, the vibrating body (3). 
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